INTRODUCTION
A low-density solid xenon (Xe) target has been developed as laser-produced plasma (LPP) extreme ultraviolet (EUV) source.
Tin, Xe and lithium are candidates for the target material of LPP. In the case of tin, laser irradiation experiments that use targets of various densities have been conducted, and details of the EUV radiation characteristic have been reported [1] [2] [3] [4] [5] .
Details of the EUV radiation from a solid Xe target have also been studied [6] [7] [8] [9] . Low-density solid targets, however, have not been investigated. We fabricated a low-density solid Xe target, and used it for our experiment [10] to construct a database on the LPP-EUV radiation characteristic from Xe targets over a wide density region. In this work, the fabrication method of low-density solid Xe target is described. Figure 1 shows the apparatus for fabricating low-density solid Xe. The apparatus is composed of a Xe gas feeder tube, a condensation chamber, a swirl atomizer, a vacuum chamber, and a particle diameter detector. Xe gas was liquefied in the condenser containing cold nitrogen gas evaporated from liquid nitrogen. Figure 2 shows details of the swirl atomizer and the swirl room in the swirl atomizer. This structure gives liquid Xe a swirl flow in the swirl room in Fig. 2(b) and causes a thin cylindrical liquid film to gush from the nozzle in the swirl atomizer in Fig. 2(a) . This process has been well studied and is recognized for its industrial uses [11] [12] [13] . The reason for using the swirl atomizer is that a steady rate of atomization can be achieved under a low injection pressure, whereas an injection pressure of 15 MPa or more is necessary to produce similar-size powders without the swirl flow [14] .
EXPERIMENT
Atomized liquid Xe ejected from the nozzle into the vacuum chamber at 0.4 Pa was cooled by its own latent heat of evaporation, and became a solid powder. To measure the particle size distribution at a position 70 mm below the nozzle, a particle size analyzer using diffraction scattering (SPR-7140, Nikkiso Co., Ltd.) was employed. This analyzer irradiates the object using a He-Ne laser of 1 mW power (wavelength 632.8 nm), and measures the intensity distribution of scattered light using a detector. The condensation chamber was kept at a temperature between 165 and 173 K, by controlling the temperature of the nitrogen gas using heaters. The injection pressure of Xe gas was 0.3 MPa. When the pressure of Xe was maintained at 0.3 MPa, the 120 cm 3 condensation chamber was filled with liquefied Xe in about 30 min. Liquefied Xe was sprayed from the injection nozzle of 0.3 mm diameter from the swirl atomizer.
The particle size distribution is calculated for the data acquired using the Fraunhofer approximation program installed in the analyzer. Xe powder accumulated on a plate set 140 mm below the nozzle. This plate was connected with a spring balance to Fig. 3 . Low-density solid Xe ready for laser irradiation. Using a manipulator, part of the cone was vertically processed, and a flat surface was produced for laser irradiation.
determine the mass of low-density solid Xe. The density was calculated from the mass and volume of accumulated powder. The volume was measured using a photograph taken when determining the mass. The production rate was calculated using the time required for the low-density solid Xe to accumulate to a certain volume. The density was 0.2 g/cm 3 , which was 1/13 of the density of conventional solid Xe.
The most frequent particle under an atomizing pressure of 0.3 MPa was 114 µm.
The production rate of low-density solid Xe using this apparatus was 2.2 cm 3 /s at the atomizing pressure of 0.3 MPa. This rate was converted into a mass flow rate of 0.44 g/s. This mass flow rate is sufficient for a future mass-production system operating at 10 kHz [15] . The required mass flow rate is 3.77×10 -4 g/s, assuming that the target is made with the minimum target mass necessary for efficient EUV radiation [16] . Figure 3 shows the target used in the laser irradiation experiment. The low-density solid Xe fabricated using the apparatus accumulated on the plate in a cone shape. Using a manipulator, part of the cone was vertically processed, and a flat surface was produced for laser irradiation.
The result of the irradiation experiment on the improvement in the conversion efficiency has been reported elsewhere [10] .
CONCLUSION
We fabricated a low-density solid Xe target of density 0.2 g/cm 3 (1/13 of the density of conventional solid Xe), and used it for a laser irradiation experiment [10] . The most frequent particle diameter size at an atomizing pressure of 0.3 MPa was 114 µm. The production rate at this atomizing pressure was 0.44g/s. This is a sufficient production rate for practical use in a machine operating at a repetition frequency of 10 kHz [15] .
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